Abstract. Land use change (LUC) particularly the conversion of forest to other land uses, determines the scale of forest carbon shifts. Here, remotely sensed data Multispectral Satellite Images (MSI) of the study area for the year 1990, 2000, 2010, 2017 and geographic information system (GIS) tools were used to analyze the land use change patterns. For biomass calculation and related forest carbon losses in the Margallah Hills National Park of Pakistan the field inventory data were collected by random forest sampling from 1990 to 2017 . Our results showed that during the period from 1990 to 2017, the area under dense forest decreased by 11.14% (0.41% yr -1 ), while the area under open forests increased by 4.28% (0.15% yr -1 ). Similarly, agricultural land and settlements increased by 53.17% (1.96% yr -1 ) and 67.78% (2.51% yr -1 ) respectively, during the same period. The conversion of forests into other land uses resulted in the reduction of carbon value. In 1990, carbon loss is estimated at 5531.5 MgC•yr -1 (7.22%) of the total carbon pool. Overall, land use change released 154 GgC (5.70 GgC•yr -1 ), highlighting that land use change significantly alters carbon dynamics of the Park. Land use change and related carbon losses indicating the magnitude of anthropogenic disturbances in the Park. The preservation and rehabilitation of degraded forest as well as reforestation of the converted forests are necessary for forest carbon conservation meeting emissions reduction obligations of the Kyoto Protocol.
Introduction
Land Use Change (LUC) is the modification of the earth's surface due to human activities which result in the disturbance of the Earth's natural ecosystem and environmental processes (Lambin, 1997) . The availability of LUC data has had an important role in advancing research and providing long-lasting solutions to environmental and ecological policymakers (Zhao et al., 2004; Ullah et al., 2016; Mukete et al., 2017) . For instance, LUC has become the key issue in many disciplines like forestry, agriculture, environmental sciences, geology and hydrology (Weng, 2001 ). Additionally, LUC has been greatly applied in studies relating to soil degradation, cropland loss, urban expansion, desertification and deforestation within the past three decades. LUC has been known to cause long-term effects on forest ecosystem functions such as a net decrease in forest area globally from 31.6% to 30.6% since 1990 (FAO, 2015) .
The application of MSI in LUC studies has gained precedence in detecting and estimating both spatial and temporal dynamics of forest cover changes. In our study remote sensing data at periodic intervals and Geographic Information System (GIS) provide information for land use change analysis, modeling, and management (Sudhakar Reddy et al., 2008; Kennedy et al., 2009 ). For instance, using LANDSAT data and digital analysis the detection of land degradation due to waterlogging and soil salinization occurring over a 10-year period in China was enabled (Gao and Liu, 2010) . Similarly, Rembold et al. (2000) used LANDSAT TM data between 1972 and 1994 to estimate land cover changes in central Ethiopia. This is because monitoring through satellite images is not only cost-effective and fast but also provides reliable land use and land cover change detection information (Martin and Tracy, 2007) . Within the past three decades, various change detection techniques using satellite imagery have been developed including post-classification comparison (PCC), image differentiation, principal component analysis (PCA) and vegetation index differencing (Lu et al., 2004 ). Among these, many studies have found the post-classification comparison to be the most accurate procedure especially as it represents the nature of changes as they occur. This method is also thought to reduce problems associated with multi-temporal images recorded under different atmospheric and environmental conditions (Yuan et al., 1999) .
Forests are the largest sources of global terrestrial carbon sink, while LUC is the key factor which determines the extent of carbon sink over time (Pan et al., 2011) . Forests have a key role in carbon sequestration which is distorted by LUC and land management activities . From 1985 to 1990 LUC and land management activities released over 156 PgC into the atmosphere, particularly in tropical areas where deforestation was observed to have caused approximately 60% of these emissions (Houghton, 2003) . Since the 1980s, LUC in Forest land and grassland has been responsible for forest carbon sink in North America and Europe (Nabuurs, 2013) . LUC associated with deforestation and land degradation emits CO 2 and other greenhouse gases and therefore it emerged as a burning issue in the scientific community (Thompson et al., 2011) . However, in a recent economic survey, LUC would affect over 36% of the United States land area. This is attributed to increased urban land and where urban developmental factors such as culture and socio-economic would be major contributors (Radeloff et al., 2012) . In addition, there are also chances and risks of forest conversion into new land uses including agriculture and settlements (Searchinger et al., 2008) . Furthermore, concerns about climate change have forced many countries to monitor terrestrial carbon. The Inter-Governmental Panel on Climate Change (IPCC) guidelines for national greenhouse gases strictly requires monitoring of carbon pool through the effect of land-use change and wood removal (IPCC, 2006) .
LUC and their associated impacts on forest cover have been widely addressed by the United Nations Framework Convention on Climate Change (UNFCCC). The UNFCCC has also developed guidelines for member countries to measure LUC and related activities. Pakistan as a member of the UNFCCC and IPCC has to follow the proposed greenhouse gas emissions and removal related guidelines. Only about 4% of Pakistan's total land area is under forest which is under threat from deforestation (Cochard and Dar, 2014 ).
In Pakistan, most studies focused on sequestered carbon in different forest types such as in subtropical forests (Nizami, 2012) and in forest plantations Saeed et al., 2016) . Similarly, studies were conducted about the carbon stock in Oak Scrub Forest of Sheringal Valley Dir Kohistan (Khan et al., 2015) , and the carbon stock in Chichawatni irrigated plantation in Pakistan (Muhammad et al., 2017) . Most of these studies evaluated carbon stocks in particular land use types , while others focus on land use change and deforestation patterns (Hassan et al., 2016) . However, none of these studies has been carried out on LUC and their related carbon losses in protected areas. In order to determine LUC and carbon induced emissions in a protected area in Pakistan, the present study in Margallah Hills National Park (MHNP) of North West of Islamabad aims to determine LUC and carbon induced emissions in a protected area in Pakistan.
MHNP has subtropical broad-leaved evergreen, subtropical chir pine forests and rich in flora and fauna. It is one of the best-protected areas in Pakistan providing medicinal plants, economic and aesthetic values to surrounding communities and the country. However, in the past three decades, land use change and deforestation have ultimately released considerable amounts of carbon into the atmosphere. This study, therefore, presents a comparative analysis of the temporal LUC and forest carbon-loss estimation in MHNP. The main objectives of the study includes the pattern of LUC in the MHNP during the period 1990, 2000, 2010 and 2017, their impacts on carbon dynamics and to analyze the major drivers of LUC in the MHNP.
Materials and methods

Study area
The study area is located at the foothills of the Himalaya Mountains around the north east of Islamabad, the MHNP (73°7'3.32"E, 33°41'59.61"N and 73°1'34.07"E, 33°45'2.87"N) (WWF, 2009) covers an estimated area of 17,386 hectares (ha) and composed of diverse ecological resources MHNP is dominated by Acacia modesta, Quercus incana, Pinus roxburghii, Dodonea viscosa, Olea ferruginea and ziziphus mauritiana and also have plant spp having medicinal value like Lantana camara (Asma et al., 2009 ). This park has about 1700 flowering species, more than 50 species of grasses 53 species of ferns and it is also rich in wildlife having common leopard, jackal, rhesus monkey, barking deer, porcupine, foxes and wild boars (WWF, 2009). The MHNP with the altitude of 469-1560 m, as shown in Figure 1 , is made up of rugged slopes and gullies and the soil are characteristically composed of limestone . Temperature ranges between -3.9 °C in January to 41.6 °C in June and average annual rainfall ranges between 245 and 1142 mm (PMD, 2015).
Data acquisition
Satellite images (LANDSAT) were obtained from United States geological survey (USGS) (http:// glovis.usgs.gov), for March 1990, 2000, 2010 and 2017. The images were selected based on quality and minimum cloud cover, see Table 1 . In addition to using satellite images, ancillary data were collected which included topographic maps, aerial photographs, and ground truth data. In March 2017 using GPS, ground truth data in the form of reference points were collected which was used for image analysis and accuracy assessment. 
Preprocessing of satellite imagery
Image pre-processing was preceded by the acquisition of topographic maps at the scale of (1:50,000) for the study area, obtained from a survey of Pakistan. The map was first scanned and exported into the processing software ArcGIS 10.2 and ENVI 5.1. Image pre-processing was necessary before the classification and change detection, for establishing a relationship between acquired data and biophysical processes (Abd ElKawy et al., 2011). To correct the geometric distortion of the satellite image geometric correction was performed from the topographic sheet as well as from the GPS by selecting 20 Ground Control Points (GCP's) around the study area. Then the geometrically corrected image was used to clip the region of interest (ROI). After that, the image was classified into five different classes such as dense forest (DF), open forest (OF), agricultural land (AL), settlements (SM), and water bodies (WB) with corresponding classes by assigning per-pixel signatures. On the bases of different digital number (DN), different colours were assigned to each landscape to differentiate them. Later on, Atmospheric, radiometric and topographic corrections were performed using ArcGIS 10.2 and ENVI 5.1. Training samples for each predetermined class were selected by delimiting polygons and spectral signatures for each land cover type derived from satellite imagery. Supervised classification was performed by using a maximum likelihood algorithm. To improve the quality of classification and to classify the un- 
Accuracy assessment
The accuracy of the classified maps was crosschecked by 200 random GCPs. GCPs were randomly selected after which the user and producer accuracy were calculated for each LUC. Finally, the Kappa statistics were calculated by the observed and expected using Equation 1 (Chandra and Ghosh, 2006 ). 
Land-use change detection map
Post-classification change detection technique was performed by using ENVI 5.1. LUC detection map was developed by using the classified map of 1990 and 2017; the map of 1990 was used as the base map (Fig. 5) . In an urban environment, the post classification has been used by various researchers effectively due to its efficiency in location, nature, and rate of change detection (Hardin et al., 2007 
Carbon inventory
Biomass carbon was assessed by field inventory in dense forest (DF) and open forest (OF). A total 150 sample plots of 20 × 30 m were taken randomly in the study area (75 plots in DF and 75 in OF). In each sample plot, the diameter of all trees greater than 4 cm was measured at breast height (DBH). The height of 20 trees per species was recorded, sufficient to construct DBH/height function of a specific plot. Abney's level was used to measure the height of the trees. The volume of all trees present in the sampling sites was measured using Equation 3 (Newbery, 2009) , and total biomass kg·ha -1 was calculated by multiplying biomass with the wood density kg m -3 of particular species using IPCC (2006) proposed guidelines.
where d 2 is the square of DBH, h is height and f is the form factor. Biomass of tree was calculated by using stem volume (m 3 ) and multiplying it by the wood density kg m -3 . The wood density values were confirmed by previous research and reports. Biomass expansion factor (BEF) for subtropical forests of Pakistan was used to determine the biomass of entire forests (Eq. For determining the biomass, carbon values of understory vegetation (USV) sub-plot of 4 × 4 m was established in each sample plot. First, the vegetation in each plot was harvested, their fresh weight was recorded, and all the harvested materials were put into the labeled bags for further analysis. Then, the samples were dried in an oven at 72 °C for 48 h and their dried weights were measured for biomass. Similarly, litter, dead wood and cones present in the sub-plot were also collected, and followed the procedure mentioned above for USV for biomass carbon assessment. The soil samples were collected from the selected plots at the depth of 0-15 cm and 15-30 cm with the help of soil auger and core sampler in three replications. Each soil sample was weighed and labelled in the field. Core sampler of 0.0001256 m 3 (diameter = 4 cm, height = 10 cm) was used to measure the bulk density of each soil sample. The soil samples were brought to the laboratory for further analysis. To measure the soil organic content the method of soil oxidizable organic carbon given by Walkley (1934) and Rayment (1992) was used. Carbon was determined by using total plant biomass convertible factor that is the representative of average biomass content of the plant. According to this convertible factor, the carbon content is 50% of the total plant biomass, this factor is used worldwide (Brown and Lugo, 1982; Saugier et al., 2001 ). The carbon values in the soil were (MgC ha -1 ) measured by multiplying the bulk density, carbon concentration and the thickness of the layer .
Carbon loss assessment
The deforestation resulted in the conversion of forestland into AL and SM. Similarly it also resulted in the conversion of DF to OF. We assess the net loss of carbon value associated with deforestation. Change in carbon is determined by 
Results
Land uses and Land use change
Our image analysis results showed that in 1990 the major land uses in the study area were a dense forest (DF), open forest (OF), agricultural land (AL), settlements (SM), and water bodies (WB). The land-use change statistics (Table 2) showed that from 1990 to 2017, the area under DF and WB were decreased, while we saw increase in the area under OF, AL, and SM as shown in Figures 2, 3, 4 Table 3 . Apart from a decrease in area under DF, major changes were also observed for WB, OF, AL and SM ( Table 4 and Fig. 6 ). Our results showed that a total of 1268.78 ha forest land (DF, OF) has been converted into other land uses from 1990 to 2017 and Indicating the increasing scale of anthropogenic pressure on forest resources of the Park as shown in Figure 7 . 
Carbon dynamics and carbon losses
The estimated carbon value recorded in DF is 164.14 ± 8.96 MgC ha -1 , whereas it is in 94.62 ± 8.75 MgC ha -1 in OF ( Table 5) . In each forest, the higher value of carbon is recorded for upper storey vegetation (UPSV) followed by soil, understorey vegetation and litter dead wood. The results of the total carbon stock (Table 6) showed that in 1990 the total forest carbon stock was 2131 GgC. Similarly, the total forest carbon stock was reduced in 2000, 2010 and 2017 i.e. 2076 GgC, 2034 GgC, and 1987 GgC respectively. These findings revealed the decreasing trend in carbon value associated with LUC. Taken together as a whole the present results indicated that LUC accounted for 154 GgC loss from 1990 to 2017. 
Discussion
Land use and land cover change
Natural forests are mostly located in the temperate and subtropical regions of Pakistan where LUC and deforestation are continuous processes. The increase in SM and AL from 1990-2017, indicate the scale of LUC in the park. We found that in the last 27 years SM has increased by 67.78% as compared to our base year 1990. Between 1990 and 2017 SM for Islamabad increased from 16,281 to 51,039 ha as shown in Figure 8 . This increase is attributed to the migration of people from villages to cities for better health facilities, education, and job opportunities. Also, settlement expansion (built-up areas) around Rawal Lake, have caused an increase in SM in and around the park (Hassan et al., 2016) . Similarly, due to unsustainable agriculture practiced by local villagers, AL expanded from 770.9 ha in 1990 to 1180.8 ha in 2017. . This increase in population around the park causes major shifts in LUC. Overall, an average annual loss in DF for MHNP is 0.42% which is much higher than the 0.21% average annual deforestation from terrestrial protected areas of the Philippines (Apan et al., 2017) .
For instance, the DF in the base year 1990 was 9697.1 ha and decreased to 8616.69 ha in 2017, as shown in normalized difference vegetation index (NDVI) map (Fig. 9) . This decreasing trend in DF is similar to that reported by Malik 
Carbon dynamics and carbon losses
The calculated value of carbon varied between 94.62 ± 8.75 MgCha -1 in OF to 164.14 ± 8.96 MgC ha -1 in DF with average carbon stored in forestland being 129 ± 8.85 MgC ha -1 . Similar results were reported for carbon stock in Ghoragali, Pakistan (subtropical/chir pine) (Nizami, 2012) . Similarly, our present estimates are also inconsistent with the reported value by Rana et al. (1989) from the Himalayan region of India.
The conversion of forestland to other land uses resulted in carbon loss from 2131 GgC for 1990 to 1977 GgC in 2017. Same results were previously reported which showed loss of 32.7 PgC from the protected areas of Brazil Amazonia in 2014 (Nogueira et al., 2018) . Similarly, in the protected areas of US from 1700-2005 more than 3 million km 2 of forest land, grassland and shrub land were converted to agricultural land that caused 10,607 TgC loss (Lu et al., 2018) . This reduction in carbon supports the fact that the transformation of forestland to other land uses reduces the carbon storage potential of forestland. Deforestation, agricultural and settlement expansion attributed to population growth, resulted in forest conversion, hence decrease in carbon stock. Over these different periods, the highest rate of carbon losses was http://www.aloki.hu Table 7 . This period also coincided with the maximum of population growth and human migration within the study area.
According to the population statistics data (PBS, 2017) between 2010 and 2017, 0.422 million people migrated to Islamabad as compared to 0.245 million during 1990-2000. The expansion in AL and SM usually occurred near the old settlements, where local people grow crops. Although this LUC affects carbon loss, the intensity is much higher where DF is converted into SM, AL, or OF (Zheng et al., 2011) . Within the past seven years (2010-2017) the rate of annual DF loss calculated was -0.59% much higher than in the first and in the second decade. This is due to an increase in hiking trails, roads, and recreational spots in and around the park thus directly affecting natural forest cover and carbon storage. The population of Islamabad increased from 343,000 to over 1,502,000 from 1990 to 2017. These demographic factors in conjunction with other environmental and socioeconomic factors constitute major driving forces of LUC in and around MHNP (PBS, 2017). Additionally, in 1990 the population living in villages around Margallah Hills was estimated at about 20,000 but this increased to over 90,000 in 2017 distributed across 20 villages (Khalid et al., 2015) . This demographic pressure is also a major threat to the sustainability of these natural ecosystems ( (Meli and Meli, 2015) . Rural communities around the MHNP have witnessed an unregulated and uncontrolled urban expansion which has pushed these communities into forested lands of the area. Stone quarrying for cement making is also a contributor to carbon loss because Margallah hills have a high quality of limestone, shale, and sandstone used for cement production (Muhammad et al., 2013) . There are over 700 stone quarries around the MHNP with dire consequences for the surrounding vegetation, plant and animal species, namely 38 species of mammals and over 600 plant species in the MHNP (Dawn News, August 23, 2010 53 .9% of carbon is lost annually due to forest fires depending on the intensity of forest fire. Most of the forest fires that occurred in subtropical forests of Pakistan are accidental due to recreational activities and negligence. Increasing trends of forest surface fires have been observed in subtropical forests of Pakistan (Nafees and Asghar, 2009). Forest fires are known to reduce soil carbon, soil erosion, reduction in understory vegetation and soil bareness (Jaiswal et al., 2002) . The grazing and trampling of livestock severely affect vegetation regeneration thus also contributing towards LUC. Khalid et al. (2015) found that MHNP has to bear the pressure of 12,000 and 13,000 domestic livestock grazing.
Conclusion
The knowledge obtained from this study may serve as an input into the rehabilitation and management of degraded forest ecosystems in Pakistan and in the world. Furthermore, the MHNP is located in Islamabad and near Rawalpindi, which are Pakistan's most important twin cities with high demographic pressures. The present Study highlighted the temporal loss of forest carbon sink with the land use change in MHNP. The study also discussed the major drivers of land use change and carbon loss in MHNP i.e. stone crushing for cement making, fuel wood for commercial, population pressure, AL and SM expansion with detrimental effects on the ecosystem of the park. Moreover, the building of new infrastructures in the twin cities has resulted in a decrease in the forest area. These factors coupled with weak governmental policies, and inadequate land use management plans, facilitate a reduction in forest biomass and ultimately carbon sequestered in the MHNP. Deforestation control through improved forest management, appropriate forest conservation policies, development of land use management plans and urbanization regulations will help curtail, curb and reverse this deforestation process. This study provides results and recommendations to researchers for future studies focusing on especially the effects of land use change on wildlife habitat of MHNP and the effects of carbon loss on the local environment of MHNP. Additionally, an improvement in the national forest monitoring capacity and the implementation of REDD+ arrangement and sustainable land and forest management approaches can control the current forest cover loss, and carbon loss resulting from LUC.
